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[ CONDUCTIVITY SENSOR FOR 
DETECTING CONDUCTIVITY OF A 

FLUID] 

Cross Reference to Related Applications 

^/^2^ The present invention is related to appHcatitf^^ Docket 201 -0891) entitled 

"Control Circuit For Operating^rtfonductivity Sensor And Method Therefor" filed 
simultaneously hereywtffand incorporated by reference herein. 

Background of Invention 

[0001] The present invention relates generally to conductivity sensors, and more 

specifically to conductivity sensors suitable for detecting relatively low conductivity. 

[0002] Fuel cells are increasingly being investigated as an alternative power source for 
automotive vehicles. Fuel cells generate electricity using a membrane. The process 
also generates heat. Fuel cells therefore must be cooled by circulating coolant 
therethrough. In automotive applications, the coolant may be a mixture of ethylene 
glycol and water. Fuel cells, however, are sensitive to the conductivity of the coolant. If 
the conductivity is too high, the coolant should be changed to allow the fuel cell to 
operate efficiently. Therefore, a means for sensing the conductivity to allow a warning 
to the vehicle operator so that the fluid may be changed is necessary. 

[0003] 

Known configurations for conductivity sensors include multiple electrodes that are 
used to sense the conductivity therebetween. Known sensors are unable to adequately 
detect low conductivities. Another drawback to providing a conductivity sensor is the 
space within a fuel cell vehicle is scarce. Therefore, a small conductivity sensor should 
be provided so that the package size of the vehicle does not need to be increased. 
Another problem with fuel cell vehicles is that the fuel cell compartment is an 



Page 1 of 16 



electrically noisy environment. This can cause erroneous readings using known 
electrical conductivity sensors. 



[0004] It would therefore be desirable to provide a conductivity sensor that has a small 
package size, allows detection of low conductivity fluids and is capable of performing 
in an electronically noisy environment. 

Summary of Invention 

[0005] The present invention provides an improved conductivity sensor particularly suited 
for low conductivity detection. The present invention includes a conductivity sensor 
having a first annular electrode having a first inner diameter and a second annular 
electrode having the first inner diameter. A tubular portion is positioned axially 
between the first electrode and the second electrode. The tubular portion has a 
second inner diameter greater than the first inner diameter between the first electrode 
and the second electrode. 

[0006] In a further aspect of the invention, a method of assembling a conductivity sensor 
comprises: 

[0007] coupling a first annular electrode having a first inner diameter to a tubular 
portion; 

[0008] coupling a second annular electrode having the first inner diameter to the tubular 
portion so that the tubular portion positioned axially between said first electrode and 
said second electrode. 

[0009] One advantage of the invention is that the sensor and control circuit according to 
the present invention is capable of measuring extremely low conductivity in fluids. 
Another advantage of the invention is that the sensor may be coupled within a fluid 
path and therefore take very little space. Yet another advantage of the invention is 
that because a synchronous detector is used in the control circuit, the circuit is not 
prone to errors due to electrical noise. 

[001 0] Other advantages and features of the present invention will become apparent 
when viewed in light of the detailed description of the preferred embodiment when 
taken in conjunction with the attached drawings and appended claims. 
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Brief Description of Drawings 

[001 1] Figure 1 is a block diagrammatic view of an automotive vehicle having a sensor 
and control circuit according to the present invention. 

[001 2] Figure 2 is a cross-sectional view of a sensor according to the present invention. 

[001 3] Figure 3 is a schematic view of the control circuit of the present invention. 

[001 4] Figure 4 is a flow chart of the operation of the present invention. 

Detailed Description 

[001 5] In the following figures the same reference numerals are used to identify the same 
components. The present invention is described with respect to a coolant path for a 
fuel cell powered vehicle. However, those skilled in the art will recognize various other 
^ applications for the sensor according to the present invention. 

if! [001 6] In the following description several specific values have been specified. These 



CO 

N 



values are meant as examples only and are not meant to be limiting. 



^: [001 7] Referring now to Figure 1 , an automotive vehicle 1 0 has a fuel cell 1 2 therein. Fuel 
t* 1 cell 1 2 has a coolant path 1 4 formed of tubular material. Coolant path 1 4 has a 



conductivity sensor 1 6 coupled in series therewith. A control circuit 1 8 is coupled to 
conductivity sensor 1 6. Control circuit 1 8 controls the operation of sensor 1 6 in that 
control circuit 1 8 can determine the conductivity of the fluid passing through coolant 
path 1 4 in response to the output of conductivity sensor 1 6. 

[001 8] Control circuit 18 is coupled to power supply 20 and to an indicator 22. Indicator 
22 may comprise various types of indicators including vehicle warning lights, an 
audible indicator such as a bell or chime or other types of indicators such as a meter. 
Indicator 22 is used to communicate the conductivity sensed by sensor 16 and control 
circuit 1 8 to the vehicle operator. In a fuel cell application as shown, the driver may be 
signaled as part of a driver warning system to the composition of the coolant fluid. 
That is, if the conductivity rises above a certain point, the driver may be signaled to 
replace the coolant. 



[0019] 



Referring now to Figure 2, sensor 1 6 is illustrated in further detail coupled within 
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coolant path 14. Although a simple interference connection is illustrated between 
coolant path 1 4 and sensor 1 6, other types of connects and quick disconnects may be 
provided. Sensor 1 6 is formed of a first annular electrode 24 and a second annular 
electrode 26. First annular electrode 24 and second annular electrode 26 are 
preferably configured in a similar manner. First annular electrode 24 and second 
annular electrode 26 are spaced apart from each other and have a tubular portion 28 
therebetween. 

First annular electrode 24 and second annular electrode 26 are coupled to coolant 

path 14. Coolant path 14 is preferably formed of a non-electrically conductive 

material. Preferably, first annular electrode 24 and second annular electrode 26 are 

formed of a highly electrically conductive material such as stainless steel. First annular 

electrode 24 and second annular electrode 26 have an inner diameter D ^ and an 

outer diameter D ^ . Both the first annular electrode 24 and second annular electrode 
2 

26 are configured similarly and preferably have the same diameters. 

Tubular portion 28 is preferably formed of a non-conductive material. Tubular 
portion 28 has an inner diameter D the same as the outer diameter of first annular 
electrode 24 and second annular electrode 26. Tubular portion 28 also has an outer 
diameter D . 

First annular electrode 24 and second annular electrode 26 may^gjcowpt^ffTo - 
tubular portion 28 in an interference fit. However, a thi^adetfportion 30, 32 on 
respective first annular electrode 24 and sgcoitEfannular electrode 26 may be 
included. Threaded portions 3£<32a>rrespond with threaded portions 34, 36 on the 
inside diameter of^pibtJtar Dortion 24. To ease assembly, the first annular electrode 24 
and sepomfannular electrode 26 may be screwed into tubular portion 28. 

[0023] Once assembled, a cell 38 is defined between first annular electrode 24, second 
annular electrode 26 and the inner diameter of D of tubular portion 28. Once the 
electrodes 24, 26 are coupled to tubular portion 28, the electrodes 24, 26 are spaced 
by a distance L which corresponds to the length of cell 38. The cell constant is thus 
defined by the formula: 



[0020] 
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[0024] where D is the inner diameter of tubular portion 28 and L is length of the cell 
38. 



2> 



[0025] Preferably, each of the electrodes 24, 26 and tubular portion 28 is aligned along 
the same longitudinal axis 39. That is, electrodes 24, 26 and tube portion 28 are 
coaxial. 




26] 



To further increase the reliability of the system, a seal material mayjje^positioned 
between first annular electrode 24 and tubular portion 28^ad-iSetween second 
annular electrode 26 and tubular portion 28. C^ne-type of suitable material is Teflon 
tape which may be positioned on^eaded portions 30, 32, 34, and 36. Because the 
cell constant is well defiae^7a known resistor used within the calibration circuit as will 
be furtheLxie^mbed below, may be used to calibrate the system. 
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[0027] Referring now to Figure 3, control circuit 18 is illustrated in further detail. First 
annular electrode 24, second annular electrode 26 and indicator 22 are 
diagrammatically illustrated. Control circuit 1 8 generally has a square wave generator 
circuit 40, a current-to-voltage converter 42, a buffer circuit 44, and a synchronous 
detector circuit 46. The output of the device may also be filtered in a filter circuit 48. 
The conductivity may also be adjusted in zero adjustment circuit 50. The output of the 
control circuit 1 8 is a voltage corresponding to the conductivity of the liquid between 
first annular electrode 24 and second annular electrode 26. 



Square wave generator circuit 40 may, for example, produce a sqyarg" wave of 
about 300 Hz. Although various types of square wave gener^thlg circuits may be 
used, an operational amplifier-based circuit is illustrate. Square wave generator 
circuit 40 has an operational amplifier U ^ hayprtjan inverting input 52, a non- 
inverting input 54, and an output 56. A^afpacitor C ^ , which in this case is 0.01 5 (J F 




is coupled to inverting input 52. 



fsistor R is coupled between inverting input 52 



and output 56. Output 56 is^dupled to ground through a first resistor R ^ and R 



The node between R 

non-inverting inptri 54. The common node at output 56 is coupled to synchronous 



d R ^ is common node N ^ - Common node N is coupled to 



detection cirotnt through resistor R M . Each of the resistors R , R ^ , R and R in 
/ 4 12 3 4 

this exanrfple is 1 00k O . Buffer circuit is also formed of an operational amplifier U 



Operational amplifier U has an inverting input 52, a non-inverting input 60, and an 
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output 62. Output 62 is coupled to first annular electrode 24 whicJjJn turn is coupled 

to inverting input 58. Node N is coupled to ground tljj^dfh three resistors R , R 

1 5 6 

and R . In the present example, R is 68k Q^MR is 2.2k Q.R isaSkQ 
7 5 7 6 

~* potentiometer having an adjustable^tefminal 64 coupled to non-inverting input 60. As 

will be further describedk>etow, the conductivity gain adjustment may be provided 
through adjuspRerffof the adjusting terminal 64 of resistor R . 

[0029] Current-to-voltage converter 42 is also formed of an operational amplifier U . 

Operational amplifier U has an inverting terminal input 66, a non-inverting input 68, 

and an output 70. Inverting terminal 66 is coupled to second annular electrode 26. 

Non-inverting input 68 is coupled to ground. Output terminal 70 is coupled to 

inverting input 66 through a resistor R . A common node N is coupled to output 

8 3 

terminal 70. 

[0030] Synchronous detector circuit 46 is also preferably formed of an operational 

amplifier U . Operational U has an inverting input terminal 72, a non-inverting 
4 4 

input terminal 74, and an output terminal 76. Inverting input terminal 72 is coupled to 

^ a resistor R ^ which in turn is coupled to common node N ^ . Inverting input 72 is also 
■P 9 3 

ry coupled to output terminal 76 through a feedback resistor R . Non-inverting input 

^ 10 

!? 74 is coupled to common node N through resistor R .In this circuit, each of the 

3 11 

© resistors R f R , and R are 20k Q . Non-inverting input 74 is also coupled to a 

jy, 9 10 11 

m i switch Q . Gate Q has a gate C terminal, a source S terminal, and a drain D 

5V 1 1 

O terminal. Drain terminal D is preferably coupled to non-inverting input, gate is 

iy. 

coupled to resistor R , and source is coupled to ground. Switch Q , is illustrated as a 
4 1 

field effect transistor. However, those skilled in the art will recognize that other types 
of switches may be used. Output 76 of synchronous detection circuit 46 is coupled to 
filter circuit 48. Filter circuit 48 comprises a first resistor R ^ and a capacitor C ^ . 
Resistor R is preferably 100k Q and capacitor C ^ is preferably one m F. In many 
applications, a filter circuit may not be required. However, the addition of a filter 
circuit may improve the conductivity detection. The output of filter circuit 48 is 
coupled to a zero adjustment circuit 50. Zero adjustment circuit 50 also preferably 
has an operational amplifier U . Operational amplifier U ^ has an inverting input 78, 
a non-inverting input 80, and an output terminal 82. Inverting input 78 is preferably 
coupled to output 82. Non-inverting input 80 is preferably coupled to a resistor R ^ 
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which in turn is coupled to an adjustable resistor R . R ^ may be 2.2M O and 

14 13 

potentiometer R may, for example, be 1 00k Q max. As will be further described 
1 4 

below, zero adjustment circuit 50 may be used when no fluid is present in the cell 38. 

When the terminals 24 and 26 thus are not electrically connected through any fluid, a 

zero adjustment may be made by adjusting the potentiometer R which is in turn 

1 4 

connected to positive battery voltage plus 1 5 volts and negative battery voltage minus 
1 5 volts. The output of zero adjustment circuit 82 is coupled to a resistor R ^ which 
in turn is coupled to indicator 22. 

[0031] Referring now to Figures 3 and 4, the circuit may be operated by forming an open 

circuit between first annular electrode 24 and second annular electrode 26 by 

providing no fluid therebetween. The open circuit is calibrated in step 100 by 

adjusting the potentiometer R so that the indicator 22 indicates no conductivity. 

14 

This step is advantageous from the previously known sensors. In step 102, the closed 

circuit is calibrated. That is, a resistor may be coupled between first annular electrode 

24 and second annular electrode 26 that corresponds to the cell constant described 

above. By knowing the cell constant a suitable resistor may be chosen so that the 

conductivity gain adjustment may be performed by adjusting potentiometer R . After 

6 

calibration, the circuit may then be operated. That is, in step 104 fluid may be passed 

through the sensor and the sensor is coupled to the fluid flow. In step 1 06, square 

wave generator 40 generates a square wave which in turn operates switch Q ^ . The 

current-to-voltage converter 42 and synchronous detector circuit 46 use the square 

wave generated at the square wave generator circuit 40 as a reference signal. That is, 

the synchronous detector oscillates between an amplifier gain of -1 and +1 . 

Correspondingly, switch Q ^ acts as a short half the time. That is, when switch Q ^ is 

open, non-inverting input 74 is at the same voltage as output terminal 70 of 

operational amplifier U . This forces inverting input 72 to be the same voltage. That 

is, at this time there is no current through resistors R and R while operational 

8 11 

amplifier U is at a gain of +1 . 
4 

[0032] when switch Q is closed, the non-inverting input 74 to operational amplifier U 

1 4 

is essentially shorted to ground and thus the output of the amplifier U is -1. Thus, 
by providing the alternating input a direct current output corresponding to the 
conductivity is provided through synchronous detector circuit 46 in step 108. 
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Advantageously, once the circuit has been adjusted for a particular circuit, it is 
believed that little or not adjustment may be required during the operation. Also, 
because of the way the synchronous detector circuit 46 operates, the circuit 
essentially averages out any electrical noise in the system. Another advantage of the 
invention is that because of the small size and serial aspect of the sensor, little space 
is taken by this device. 

[0033] While particular embodiments of the invention have been shown and described, 
numerous variations and alternate embodiments will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited only in terms of the appended 
claims. 
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